Introduction {#Sec1}
============

Diabetes mellitus is a metabolic disease characterized by hyperglycemia due to impaired insulin secretion, insulin metabolism, or both \[[@CR1]\]. In adults, type 2 diabetes (DM), which is associated with impaired insulin metabolism, accounts for 90--95% of diabetes cases in the US and most industrialized countries \[[@CR2], [@CR3]\]. Asian Americans are susceptible to developing diabetes, and the incidence is rapidly rising in this population \[[@CR4], [@CR5]\]. The National Health Interview Survey 2007 indicates the prevalence of diabetes in Asians as 8.9% which is 1.4 times higher than Caucasians \[[@CR6]\]. According to a recent study conducted in California where the largest population of Asians in the country reside \[[@CR7]\], Asians experienced the second largest increase in diabetes prevalence, next only to American Indians between 2001 and 2005 \[[@CR8]\].

Risk factors for DM identified by the American Diabetes Association include age, body mass index (BMI), exercise habits, history of hypertension, and dyslipidemia \[[@CR9]\]. In addition, socioeconomic and cultural factors such as health insurance, poverty level, and acculturation have been linked to the prevalence of diabetes among minority populations \[[@CR10]--[@CR12]\]. Despite the increasing DM prevalence and rates of population growth of Asian Americans \[[@CR7]\], little is known about ethnic-specific DM risks of this group; it is unclear whether risk factors identified among Caucasians are equally applicable to Asian Americans. Furthermore, Asian Americans are a heterogeneous group with diverse culture, health practices, and lifestyles \[[@CR7]\], yet there is inadequate information regarding DM risk factors within each Asian subgroup.

Aggregate health data may mask important heterogeneity in risk factor profiles among different Asian subgroups and thus prevent from identifying vulnerable populations for intervention. Therefore, we examined the prevalence of DM within a sample of California adults from five Asian ethnic groups and Caucasians, and examined associated risk factors in those with DM. Our specific aims were: (1) to describe the prevalence of DM among California Asians and Caucasians; (2) to describe prevalence of lifestyle and clinical risk factors among different Asian groups and Caucasians with DM; and (3) to examine whether risk factor differences explain the excess prevalence of DM in certain Asian subgroups compared to Caucasians.

Methods {#Sec2}
=======

Using the California Health Interview Survey (CHIS) 2007 \[[@CR13]\], we examined California adults aged 18 and older (n = 50,555 projected to 26.6 million) to determine DM likelihood among different Asian ethnicities relative to Caucasians. The CHIS is a biennial population-based telephone interview health survey of individuals residing in households in California. The survey collects a variety of health information including diseases, lifestyle and health behaviors, health status, socioeconomic status, and access to healthcare. The CHIS sample was drawn from all of California's 58 counties and was designed to be representative of the diversity of the California population. The sample is weighted to represent the non-institutionalized population for each sampling stratum and statewide. The weighting procedure used for CHIS 2007 compensates for differential probabilities of selection for households and persons, reduces biases occurring because non-respondents may have different characteristics than respondents, adjusts for under-coverage in the sampling frames, and reduces the variance of the estimates by using auxiliary information.

One randomly selected adult was interviewed per household. Interviews were conducted in multiple languages (English, Spanish, Mandarin, Cantonese, Vietnamese, and Korean). Questions related to health conditions, health behaviors (smoking, daily fruit and vegetable consumption, and vigorous exercise), poverty level, and health insurance coverage were asked. BMI was calculated in kg/m^2^ based on self-reported height and weight without shoes. Ethnicity was defined by participants' self-report. Type 2 diabetes (DM) was defined by the respondent's self-reported answer choice of type 2 diabetes to the question "Were you told that you had type 1 or type 2 diabetes?" The respondent was aided by the interviewer's description of type 1 and type 2 diabetes, if needed. Finally, hypertension, heart disease, and heart failure were also defined by self-report or having been told by doctor to have the condition.

The Chi-square test of proportions and analysis of variance (ANOVA) were used to compare the prevalence of DM and risk factors across the different ethnicities. Multivariable logistic regressions were used to determine which risk factors and Asian subgroups (relative to Caucasians) remained independently associated with an increased likelihood of having DM. Similar analyses were also conducted to examine the risk factors associated with the likelihood of DM within each Asian subgroup. SAS version 9.1.3 (SAS institute, Cary, NC) and SUDAAN software (RTI International, Research Triangle Park, North Carolina) were used for analysis and computation of weighted estimates for projection to the California population.

Results {#Sec3}
=======

An analysis of the prevalence of DM in Californian adults (Fig. [1](#Fig1){ref-type="fig"}) demonstrates that the age-adjusted prevalence of DM was the highest among Filipinos (8.05%) followed by Japanese (7.07%), Vietnamese (7.03%), and Koreans (6.3%). Chinese (5.93%) was the only Asian group studied whose prevalence was comparable to Caucasians (5.94%). The difference in DM prevalence among the groups was significant (*P* \< 0.05).Fig. 1Age-adjusted prevalence (in percent) of DM among Adults ≥ 18 years old in California. California Health Interview Survey 2007 by Ethnicity. *P* \< 0.05 across ethnic groups

In our sample of Californian Asians and Caucasian adults with DM, gender, being US-born, duration of living in US, insurance, poverty level, smoking, overweight, obesity, congestive heart failure, and heart disease prevalence were significantly different across ethnicity groups (*P* \< 0.01). Vigorous activity within the last 7 days was also significantly different across the different ethnic groups (*P* \< 0.05) (Table [1](#Tab1){ref-type="table"}).Table 1Distribution of risk factors among Californian adults ≥ 18 years with type 2 diabetes by Asian ethnicity (CHIS 2007)CharacteristicsChineseFilipinoJapaneseKoreanVietnameseCaucasianType 2 DM (n = 86)No DM (n = 1,258)Type 2 DM (n = 69)No DM (n = 632)Type 2 DM (n = 51)No DM (n = 436)Type 2 DM (n = 51)No DM (n = 592)Type 2 DM (n = 33)No DM (n = 453)Type 2 DM (n = 1,275)No DM (n = 31,299)*Demographics*Mean age62.447.760.847.267.655.568.351.061.546.766.056.4Mean BMI25.723.226.925.125.324.024.422.825.023.530.626.0Percent female \[% (n)\]59.9\*\* (47)53.9^††^ (764)70.6 (46)56.6 (398)55.5 (26)57.9 (289)43.6 (29)55.0 (370)38.6 (13)52.4 (223)43.7 (1,407)51.5 (18,942)US-Born \[% (n)\]14.8\*\* (16)21.1^††^ (288)13.2 (11)28.4 (141)68.0 (37)67.1 (294)3.7 (1)16.3 (52)4.4 (1)20.4 (34)91.0 (2,482)90.2 (28,664)Lived in US (\>15 years) \[% (n)\]74.1\*\* (59)44.0^††^ (632)71.8 (47)52.9 (378)29.5 (12)23.7 (114)89.9 (43)52.0 (350)61.7 (23)52.3 (287)8.8 (187)7.0 (2,123)Insured \[% (n)\]92.9\*\* (79)88.7^††^ (1,158)92.5 (62)90.0 (570)100.0 (51)95.9 (412)92.8 (49)63.3 (426)97.9 (31)81.2 (379)96.8 (2,588)91.3 (29,246)Below FPL (0--99%) \[% (n)\]23.0\*\* (18)12.9^††^ (150)26.1 (17)9.7 (50)6.0 (5)2.5 (14)24.1 (13)14.4 (101)26.2 (10)22.9 (115)8.5 (208)5.2 (1,583)3× ≤ FPL (≥300%) \[% (n)\]30.7\*\* (37)57.9^††^ (795)51.3 (35)63.1 (403)84.4 (41)75.2 (323)42.7 (14)59.2 (312)20.0 (5)41.7 (168)58.3 (1,553)72.4 (21,953)*Risk factors*Current smoker \[% (n)\]5.0\*\* (6)9.1^††^ (80)7.1 (8)11.5 (62)3.5 (2)10.0 (43)21.9 (5)14.9 (69)23.0 (5)18.1 (63)12.7 (307)15.0 (4,130)High blood pressure \[% (n)\]52.6 (50)17.5^††^ (258)67.1 (50)34.3 (228)67.8 (34)31.1 (148)63.8 (31)16.9 (9,123)62.3 (21)15.2 (119)66.8 (1,918)25.8 (10,643)Vegetables (\>7 times/week) \[% (n)\]42.4 (35)37.6^††^ (505)23.7 (12)16.74 (118)23.6 (13)21.8 (102)10.0 (7)15.6 (100)42.8 (9)20.9 (115)23.5 (678)24.6 (8,289)Vigorous activity (last 7 days) \[% (n)\]10.4\* (16)28.9^††^ (346)21.0 (11)36.3 (195)27.6 (14)28.4 (135)34.2 (14)27.5 (129)32.6 (5)23.7 (123)15.7 (381)37.2 (9,711)Overweight (BMI 25--29.9) \[% (n)\]35.0\*\* (29)22.2^††^ (299)39.6 (27)34.7 (241)30.9 (17)33.0 (119)37.5 (16)22.6 (136)30.6 (11)17.8 (90)33.4 (919)2.5 (772)Obese (BMI ≥ 30) \[% (n)\]17.0\*\* (13)3.9^††^ (57)27.9 (18)12.5 (72)13.5 (8)9.9 (40)15.0 (4)6.4 (16)9.5 (3)4.0 (29)49.6 (1,294)18.4 (5,780)*Co-morbidities*CHF \[% (n)\]1.60\*\* (2)0.41^††^ (4)13.7 (8)1.6 (11)0.2 (1)1.4 (5)2.9 (2)0.2 (3)6.9 (2)1.9 (10)10.4 (291)1.5 (705)Heart disease \[% (n)\]18.5\*\* (14)3.7^††^ (57)26.5 (16)4.7 (39)12.4 (8)4.5 (21)5.1 (4)2.1 (29)14.2 (6)7.1 (30)24.3 (752)6.9 (3,260)*FPL*  federal poverty level,*CHF* congestive heart failure\* *P* \< 0.05, \*\* *P* \< 0.01 across Type 2 DM ethnicity groups; ^†^*P* \< 0.05, ^††^*P* \< 0.01 across No DM ethnicity groups; mean age and mean body mass index (BMI) significant *P* \< 0.01 with Type 2 DM/No DM n = 50,555, weighted n = 26.6 M

Multiple logistic regression examining the likelihood of DM with covariates including various disease, demographic, and lifestyle factors (Table [2](#Tab2){ref-type="table"}), showed that Japanese, Filipinos, and Koreans were at greater odds of having DM than Caucasians. Japanese had the greatest odds of DM (odds ratio (OR) = 1.75, confidence interval (CI) = \[1.12--2.73\], *P* \< 0.05). Filipinos and Koreans had also more than a 1.5-fold greater likelihood than Caucasians of DM (1.66, \[1.13--2.43\], *P* \< 0.01 and 1.59, \[1.00--2.52\], *P* \< 0.05, respectively). Furthermore, increased age, being male, being insured, having hypertension, more times eating vegetables per week, lack of vigorous exercise in the past week, and increased body mass index (BMI) were all associated with an increased likelihood of DM. A stepwise logistic regression further examined the factors contributing to the greater likelihood for DM in Japanese, Filipinos, and Koreans compared to Caucasians. Beginning with ethnicity, we subsequently adjusted for each of the factors included in the logistic regression models. When BMI was added to the model, Koreans, Japanese, and Filipinos emerged as having an increased odds of DM compared to Caucasians that was not apparent before adjustment, indicating that these important differences in DM are revealed once ethnic differences in BMI are accounted for.Table 2Logistic regression examining ethnicity and other factors in relation to the likelihood of type 2 diabetes (CHIS 2007)VariablesOdds ratioConfidence intervalChinese vs. Caucasian1.380.97--1.96Filipino vs. Caucasian1.66\*\*1.13--2.43Japanese vs. Caucasian1.75\*1.12--2.73Korean vs. Caucasian1.59\*1.00--2.52Vietnamese vs. Caucasian1.520.87--2.67Age (in 10 year increments)1.58\*\*1.51--1.64Male vs. Female1.49\*\*1.30--1.71Insured vs. Uninsured1.65\*\*0.44--0.83Below federal poverty level (0--99% vs. 100--199%)1.240.94--1.64Current smoker vs. non-smoker1.180.97--1.43High blood pressure (yes vs. no)2.32\*\*1.98--2.71Times eating vegetables (per week)1.01\*1.00--1.03Vigorous physical activity (last 7 days yes vs. no)0.79\*\*0.67--0.94BMI1.12\*\*1.11--1.14\* *P* \< 0.05; \*\* *P* \< 0.01

Discussion {#Sec4}
==========

We found that among five Asian subgroups and Caucasians in California the age-adjusted prevalence of DM was the highest in Filipinos (8.05%) followed by Japanese (7.07%), Vietnamese (7.03%), and Koreans (6.3%). Chinese (5.93%) was the only Asian group studied whose prevalence was similar to Caucasians (5.94%). We also showed that there were significant differences in the prevalence of certain risk factors, lifestyle behaviors, and co-morbidities among Asian subgroups and Caucasians with DM.

Since most national diabetes statistics and epidemiologic studies for adults do not differentiate type 1 and type 2 diabetes, it is difficult to compare our prevalence for type 2 diabetes with others. However, compared with a recent national 7.5% prevalence (not specific for type 2) reported for Asian Americans as an aggregate \[[@CR14]\], the prevalence of DM observed in this study for Filiponos was higher. The higher prevalence of DM among Filipinos compared to Caucasians may be related to socioeconomic status, lifestyle behaviors, and co-morbidities that place individuals in this group at higher risk for DM. For example, Filipinos with DM had a greater percentage of being below the federal poverty level (FPL), which suggests the possibility of unhealthy eating (e.g., fast foods consumption), poor nutrition, lack of exercise (e.g., due to unsafe neighborhoods), access to preventive care, all associated with obesity and DM. Higher prevalence of overweight, CHF, and heart disease in this group supports the higher prevalence of DM among this group.

We found that Japanese were 1.75 times more likely to have DM compared to Caucasians, followed by Filipinos and Koreans both of which had over a 1.5 greater likelihood than Caucasians. These results are consistent with epidemiological studies reporting Japanese-American elderly in Hawaii to have double the prevalence of DM than non-Hispanic whites \[[@CR15]\], and the estimated prevalence of DM among Filipinos, Chinese, Japanese, and Koreans in Hawaii to be at least twice that of Caucasians \[[@CR5]\]. In addition to ethnicity, increased age, being male, being insured, having high blood pressure, more vegetable consumption per week, lack of vigorous exercise in the past week, and higher BMI were all associated with an increased likelihood of DM. These risk factors are consistent with those identified by previous studies with Caucasian, Mexican Americans, and Japanese Americans \[[@CR16]--[@CR19]\].

We attempted to explain the excess odds of DM among Japanese, Filipinos, and Koreans by risk factor differences. The addition for BMI in the stepwise regression revealed that Koreans, Japanese, and Filipinos had a 1.6--1.75 greater odds of DM than Caucasians that was not apparent before adjustment. This suggests that the generally lower BMI in these ethnic groups compared to Caucasians was obscuring differences in DM likelihood between these Asian groups and Caucasians; these differences are revealed once BMI is put on "equal basis" between all ethnic groups. In other words, at a same level of BMI, Asians may be more susceptible to diabetes than Caucasians.

We could not definitively determine why Japanese are at a higher likelihood for DM than other Asian subgroups and Caucasians. BMI differences may in part explain this, although the prevalence of overweight and obesity among Japanese in our study were lower than other subgroups except Vietnamese. This finding suggests that among Japanese other risk factors than traditional obesity measured by BMI (e.g., abdominal adiposity, genetic factors) may play a role in their increased odds of DM.

While excess odds for DM in Filipinos may be explained by this group's high prevalence of overweight and obesity as well as co-morbidities, among Koreans, socioeconomic and cultural factors may contribute to their excess odds for DM. Consistent with a previous report \[[@CR8]\], Koreans with DM in this study had the lowest prevalence of being born in the US and being insured. Lack of health insurance and limited English language proficiency are related to the prevention and outcome of DM in minority immigrant populations \[[@CR20]--[@CR22]\]. The high prevalence and odds for DM among Koreans in California may be related to limited access to preventive health care and lack of Korean language health education materials.

Koreans with DM showed the second highest overweight rate next to Filipinos, and as in Filipinos and Japanese, the prevalence of overweight was much higher than obesity. This is consistent with previous studies suggesting that Asians develop DM at a lower BMI than Caucasians due to a difference in proportion of body fat to BMI \[[@CR23], [@CR24]\]. A study using Asian BMI criteria \[[@CR25]\] also reported that 38% of the general Korean population in California (including those with DM) were overweight (BMI 23--27.4 kg/m^2^) and only 7.5% were obese (BMI ≥ 27.5 kg/m^2^). The association of lower BMI and higher DM odds was also observed in a recent population-based health survey, in which similar proportions of Asian and non-Hispanic Whites were reported to have DM initially, yet after accounting for the BMI limits for Asians, the adjusted prevalence of DM was 60% higher in Asian Americans \[[@CR26]\].

The high prevalence of DM among U.S. Asians has been related to the adoption of a Western lifestyle, including a diet high in fat, processed foods, and less physical activity, which led to dramatic rise of obesity \[[@CR15], [@CR27], [@CR28]\]. However, our study showed some inconsistencies; although Japanese were most likely to be engaged in a Western lifestyle given that 2/3 of the study sample were U.S. born, they were not the most obese group, yet had the highest odds for DM. Similarly, Chinese exercised the least, yet this group had the lowest DM likelihood compared to Caucasians. Our findings suggest that traditional risk factors defined for Caucasians may not fully explain DM risk among Asian Americans. Other socio-economic, cultural, and environmental factors may play a role in DM likelihood among Asian subgroups. Further study is needed to examine the impact of socio-economic and cultural factors on Asian immigrants' risk for DM.

Our findings also suggest that prevalence rates may not necessarily reflect the risk factor-adjusted likelihood of DM. While the prevalence of DM among Japanese in California is lower than that of Filipinos, Japanese had the greatest risk factor-adjusted odds of DM among Asians when compared with Caucasians. This indicates the need to look beyond lifestyle and traditional risk factors, such as investigating inflammatory, genetic, or other novel risk factors that might help explain these differences. In addition, increased attention for preventive measures is needed for Japanese to reduce the further rise of DM in this group.

Limitations of our secondary analysis study include using an existing dataset based on self-report rather than objective measures. Self-report may be subject to recall bias, which may have impacted the accuracy of the information on DM prevalence by false-negative error and the underestimation of DM prevalence rates. The survey design excluded individuals using cell phones, or those hospitalized and institutionalized from participating. Asians in the CHIS survey were categorized into eight groups (Chinese, Filipino, Korean, Vietnamese, Japanese, South Asian, Other Asian, and More than one Asian ethnic group). We focused our study on homogeneous Eastern and Southeastern Asians and therefore heterogeneous populations (e.g., South Asian) were excluded. Strengths of our study include Asian subgroup specific health data obtained in individuals' native languages, and our ability to project our findings to Asian subgroup populations in California.

In conclusion, the age-adjusted prevalence of DM and risk factors vary among Asian subgroups in California. Compared with Caucasians, Japanese had the greatest risk factor-adjusted odds of DM, followed by Filipinos and Koreans. The excess odds of DM in these subgroups were not explained by traditional risk factors. The findings highlight the need to study Asian subgroups individually, not as an aggregate, and to consider socio-economic, cultural, environmental factors as well as genetics and other novel risk factors when assessing DM risk and prevalence among Asian subgroups.
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